Prolonged stress has long-lasting influences on neural functioning in rodents, 1 but little is known about long-term influences of severe stress on the human brain. We previously reported that combat stress increased amygdala activity and that perceived threat during deployment predicted changes in amygdala connectivity from before to after deployment. 2 To evaluate whether these changes endure over a longer period of time, we assessed amygdala functioning again, approximately 1.5 years after soldiers had returned from military deployment. The results show that in the absence of additional combat exposure, stress-induced amygdala hypersensitivity normalizes to the same level as before the combat, whereas perceived threat-dependent changes in amygdala coupling with the dorsal anterior cingulate cortex (dACC) persist.
Twenty-three combat soldiers that had been deployed for 4 months to Afghanistan and 16 nondeployed control soldiers participated in the longterm follow-up assessment at 22.7±3.6 (mean±s.d.) months from predeployment baseline and 15.9 ± 3.9 months from short-term follow-up investigations. These groups did not differ significantly in sex ratio, age and intelligence quotient. Furthermore, no significant group differences in self-reported post-traumatic stress disorder (PTSD) symptoms, state anxiety, positive affect and negative affect were observed (see Supplementary Information (SI) for Supplementary Methods and Supplementary Table 1) . The participants performed an emotional face-matching task during functional magnetic resonance imaging (fMRI) scanning that included an emotion and control condition in a blocked design. Each trial consisted of three simultaneously presented stimuli. In the emotion condition, an angry or fearful cue face was presented above a target and distractor face, and participants had to select the face with the same emotional expression. In the control condition, neutral horizontally or vertically oriented ellipses were used as stimuli, and participants had to select the ellipse with the same orientation (see Supplementary  Figure 1 ). The fMRI data were acquired and analyzed as described previously. 2 No significant changes in task accuracy or reaction times between groups were observed (P > 0.6), and there were no significant differences in amygdala reactivity at baseline (P cor > 0.2). Across investigations, amygdala reactivity in the combat group followed a pattern of increased activity shortly after deployment and normalization at the long-term (quadratic polynomial; (30,0,À20), P cor < 0.001; Figure 1a ). The group Â quadratic polynomial interaction approached significance, indicating that that this pattern was different from the control group ((26,À2,À26), P cor = 0.058; Figure 1b) . Post-hoc tests confirmed that amygdala reactivity had increased from baseline to the short-term assessment ((24,À4,À22), P cor = 0.002), decreased again from the short-term to long-term assessment ((30,0,À20), P cor = 0.003), and was no longer significantly different from predeployment baseline (P cor > 0.5). The changes in amygdala activity were not accompanied by changes in regional brain volume (P cor > 0.1). In contrast to our previous report, we observed no significant differences between groups in the insula (P cor > 0.2), presumably due to a smaller sample size.
At the short-term follow-up, individual differences in self-reported perceived threat during deployment predicted changes in functional coupling between the amygdala and the insula, as well as the dACC, even though no consistent changes in coupling across the entire group were observed, compared with the control group. 2 The dACC is a brain region that is generally negatively coupled to the amygdala ((4,12,44), P cor = 0.037) and involved in amygdala regulation. 3, 4 The positive association between perceived threat and amygdala-dACC and amygdalainsula coupling was almost significantly lower at the long-term than short-term assessment (dACC: (6,À6,34), P cor = 0.077); insula: (42,12,0), P cor = 0.053). Again, no significant group differences in coupling changes from predeployment baseline to long-term follow-up were observed (P cor > 0.1). Nevertheless, the association between perceived threat as indicated shortly after deployment and change in functional coupling from baseline to long-term follow-up remained significant for amygdala-dACC coupling ((À8,0,42), P cor = 0.024; Figures 1c and d) , but not for amygdala-insula coupling (P cor > 0.4). We subsequently explored the correlations between perceived threat and amygdala-dACC coupling at each assessment independently. Although no significant association was observed at baseline (P cor > 0.4) or long-term follow-up (P cor > 0.6), perceived threat correlated positively with amygdala-dACC coupling ((À4,0,50), P cor = 0.004) at short-term follow-up. This suggests that perceived threat had the largest impact on amygdala coupling shortly after combat exposure. But even though its influence had weakened from the short-term to long-term follow-up, perceived threat caused a persistent change in amygdala-dACC coupling from before combat exposure.
These results suggest that amygdala sensitivity is highly plastic and adaptive to environmental demands. Amygdala reactivity increased in a dangerous environment, and normalized in a relatively safe setting within 1.5 years. As the amygdala promotes vigilance, 5 enhanced sensitivity during military deployment may facilitate the detection of threatening situations. But when the dangerous environment is subsequently exchanged for a safe environment, amygdala reactivity readapts to the novel situation in which relative disengagement from threat detection may be more relevant for good health. These results apply to individuals that do not develop stress-related mental symptoms. However, amygdala hyperactivity may persist in more vulnerable individuals or after longer periods of sustained stress. 6 We speculate that a normalization failure could underlie the pathophysiology of PTSD, 7 which is presumably related to preexisting vulnerability. 8, 9 Individual differences in perceived threat during deployment had long-term consequences on amygdala-dACC coupling. The amygdala was generally negatively coupled to the dACC. Thus, stress exposure led to enhanced negative coupling in individuals that had low levels of perceived threat, but to reduced negative coupling in individuals that had high levels of perceived threat. The dACC is involved in emotion suppression and reappraisal 10 and influences amygdala activity, 4 but this region is also involved in fear expression. 10, 11 This apparent contradiction may be explained by its communication with distinct amygdala subunits, 12 which could lead to the inhibition, as well as excitation of amygdala output neurons. 13, 14 This suggests that perceived threat could lead to longterm divergent influences on amygdala regulation, as well as fear expression, promoting stress resilience in some and stress vulnerability in others. Even though amygdala reactivity appears to normalize after a period of severe stress, persistent changes in amygdala-dACC may continue to influence the response to subsequent stressors. 3 A limitation of this study is that nine of the initial participants per group were unavailable for the longterm assessment. However, those participants did not differ in self-reported PTSD symptoms, state anxiety, positive affect and negative affect at short-term follow-up (P > 0.1), indicating that the results are based on a representative sample. Importantly, the results are not due to participant dropout, as the increase as well as decrease in amygdala reactivity was observed in the group that participated on all occasions. Another limitation is that two participants with possible PTSD were excluded from the analyses to allow generalization to healthy individuals. Additional prospective studies are required to investigate how these neural adaptations fail and lead to PTSD, which requires a larger sample size at baseline. The neural mechanism by which zinc-finger protein gene ZNF804A increases the risk of psychosis is unclear. Following a recent 'theory of mind' study, we tested the hypothesis that risk is partly mediated by an effect on social cognition. We found that ZNF804A was significantly associated with variation in interpersonal attributions in healthy participants but not in patients.
Following both meta-analysis and extensive re-sequencing, the single nucleotide polymorphism rs1344706, located in intron 2 of the zinc-finger protein gene ZNF804A, continues to be the common variant most strongly associated with schizophrenia risk (P = 1.1 Â 10-13). 1 Functional effects of this variant on both protein expression 2 and altered DNA-protein interaction 3 have been reported, although the neural mechanism by which this contributes to schizophrenia risk is unclear. Although the risk 'A' allele at rs1344706 has been associated with altered functional brain connectivity, 4 so far these alterations do not appear to be strongly associated with deficits in neuropsychological performance; if anything the opposite has been the case. 5 Recently, a functional magnetic resonance imaging study of healthy participants suggested ZNF804A's contribution to schizophrenia risk may alternatively be mediated via effects on aspects of social cognition, particularly theory of mind. 6 We tested this hypothesis that the increased risk associated with the ZNF804A 'A' allele is partly mediated via deleterious effects on social cognition based on measures of two constructs widely investigated in schizophrenia. First, we indexed 'theory of mind' using two widely used behavioural measures: The 'Eyes of the Mind' task, 7 which indexes mental state decoding and the 'Hinting task', 8 which measures mental state reasoning. Second, we indexed attributional style when interpreting positive and negative events using the 'Interpersonal social attributions questionnaire'. 9 Data on these measures were obtained by re-contacting participants in our earlier neuropsychological study of ZNF804A 6 and from new enrollments since that study's publication, resulting in a sample of 418 patients (ZNF804A genotype groups: CC = 51; AC = 184; AA = 183) with schizophrenia or schizoaffective disorder and 200 (CC = 28; AC = 88; AA = 84) healthy controls; for all participants the criteria for enrollment were as previously described. 5 No differences between ZNF804A genotype groups were observed in theory of mind scores (Hinting task: F = 0.11, P = 0.89; Eyes task: F = 0.92, P = 0.40). However, we did observe an association with attributional style in a direction consistent with our hypothesis. Specifically, healthy carriers of 1 or 2 copies of the 'A' risk allele demonstrated significantly higher personalising bias scores (a measure of the tendency to attribute negative events to other people rather than to situational factors) than non-carriers (F = 4.79, P = 0.01; Figure 1 ). In the context of the earlier report by Walter et al. 6 it is interesting to note that this effect was only observed in healthy controls. Patients were not observed to show any appreciable changes in social cognition associated with ZNF804A. 
